We have previously reported the results of ten years of systematic tuberculin Qsting of kindergarten and first grade children in Kansas City, Missouri. This report adds seven yeas of testing in different age groups (8th and 9th; and 4th and 5th grades). As reported in the previous study, the prevalence rates and conversion rates to tuberculin are markedly different depending on the frequency at which the children are retested. Yearly retesting appears to result in abnormally high conversion rates when the prevalence rates in that age group are considered. Retesting at seven and eight year intervals does not reveal this stimulating effect of retesting. Discussion of the stimulating effect of retesting with both tuberculin and histoplasmin is documented. Some of the practical implications are discussed. The efficacy of the tuberculin test as a case finding tool is again demonstrated although the frequency of finding new cases in only about 95 in the older children as was demonstrated in the younger children. The finding of 7 per 1,000 new active cases among 13,329 household and non-household contacts of positive reactors in children is still a considerable yield. Prevalence of infection in 10 and 11 year old children in Kansas City to skin tests with antigens of Mycobacterium batteii and M. kansasii is presented. The rates among Negro children were found to be at about twice those among white children for both of these antigens. Some of the theoretical aspects of infection rates and stimulation of tuberculin and histoplasmin reactions by retesting, are discussed.
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or 17 years beginning in 1947 annual tuberculin Ftesting of school children in different age groups was carried out in the public schools of Kansas City, Missouri. This testing was a cooperative program of the Kansas City Public School System, the Kansas City Tuberculosis and Health Association, and the US Public Health Service. During the first ten years annual testing was carried out in the kindergarten Investigations Section, Communicable Disease Center, Kansas City, Kansas. tHeart of America Tuberculosis and Health Association, Kansas City, Missouri. This research was supported by grants from the National Tuberculosis Association and the Heart of America Tuberculosis and Health Association.
viously been described by Wood, Furcolow, Mantz, and Willis.1-"everal interesting observations were made during this ten year study (which will subsequently be called the First Study).
1. The tuberculin rates among kindergarten and first grade school children did not significantly change during these ten years. Similar lack of change was noted in the histoplasmin rates. Incidentally, the inclusion of the histoplasmin rates in this early ten-year study proved an extremely interesting control on the accuracy and fallibility of the tests, which is well worth consideration in future test setups.
2. The usefulness of the tuberculin test as a case finding tool was demonstrated and, indeed, the demonstration of the importance of the size of reaction in case finding was striking.
3. Cost analysis revealed that case finding by this method was not much different on a cost basis from that of mass x-ray as it cost at that time.
Several observations were made during the tenyear study which were difficult to explain:
1. The prevalence rates shown in Text Table 1 modified from our publication3 indicated that over the ten-year period about 1.5 percent of the white and 2.6 percent of the Negro children were positive to tuberculin in the kindergarten. This would indicate a crude annual conversion rate of 0.3 percent per year among the white and 0.5 percent among the Negro children. The observed annual conversion rates among the white and Negro children were 1.0 percent and 1.4 percent respectively as also shown in Text Table 1 . Thus, the observed conversion rates during the one year observation period were roughly three times the expected conversion rate.
2. Sixty-one percent of the positive tuberculin reactors were in the 5 to 9 mm range (Table 7 of  Ref. 3). This is certainly an abnormally high prevalence of small reactors.
The second study, which involved a five-year study of eighth and ninth grade pupils, performed from 1957-1962, was undertaken for two reasons:
1. To determine the value of the tuberculin test as a case finding tool in this age group compared to its efficacy in the kindergarten children.
2. To approach the problem of the excessive annual conversion rates noted in the first grade children in comparison with the theoretical conversion rates.
The third study, a two-year study of fourth and fifth grade pupils, was undertaken in 1962-1964 for the same reasons, since the basic questions remained unanswered. In addition to tuberculin, tests with hl Battey (group 3) and M kansasii (group 1 ) antigens were included in 1963-1964.
Second Study
Tuberculin tests were performed annually among children of the eighth and ninth grades during the school terms of 1957-1958 to 1961-1962. All school children in this age group in Kansas City were offered the opportunity to be tested. Only schools were tested in which consent for the test was obtained from parents of at least 75 percent of the children.
However, this was almost uniform throughout all schools during the period. As in the previous study nonreactors in the eighth grade were retested in the ninth grade to determine the conversion rates during that one-year interval. In general, the methods and followup procedures were similar to those during the first study and recorded previously.1-Wuberculin employed was the same PPD-S supplied by Dr. C. E. Palmer, US Public Health Service. During the five years a total of 18,476 white and Negro children in the eighth grade were tested in Kansas City. In addition, 19,787 children negative in the eighth grade were retested in the ninth grade for evidence of conversion of the skin test. A substantial number of these same children had been tested during their kindergarten or first grade years as reported in the previous report.'-3 Thus, there were 7,589 children tested seven years and 2,468 children tested eight years after their original negative test. Conversion rates for these seven-and eight-year periods were thus obtained.
Third Study
Exactly similar procedures of tuberculin testing and followup were performed among children in the fourth and fifth grades during the school years 1962-1963 and 1963-1964. Two minor additions were made. In both school years all members of both the fourth and 6fth grade classes (actually 92 percent of the total enrollment in those classes) were tested so that the prevalence data for both grades were obtained as well as conversion data during the second year on those negative during the first year.
During the two years of the study 9,431 white and Negro fourth graders and 8,140 white and Negro fifth graders were tested. In addition, 3,599 white and Negro children whose tests had been negative in the fourth grade were retested one year later in the 6fth grade.
As mentioned before, testing with PPD-B and PPD-Y was carried on during the final year of 1963-1964 among children in the fourth and 6fth grades. The PPD-B and PPD-Y were employed in dosage of 0.0001 mg as supplied by Dr. Carroll E. Palmer of the US Public Health Service. Tests were done intradermally, and readings were made in the same manner as for the Mantoux tuberculin test. The various schools in each area were divided so that approximately half could be tested with PPD-S and PPD-B (Battey) and the other half could be tested with PPD-S and PPD-Y ( Kansasii ) . A total of 4,679 children were tested with the Battey antigen and 3,728 children were tested with the Kansasii antigen. In each area, as much as possible, an equal number of schools were tested with the Battey and the Kansasii antigen so as to get an overall distribution of sensitivity to the two antigens throughout the city. Table 1 and Figure 1 show the prevalence of CHEST, VOL. 59, NO. 6, JUNE 1971 The reaction size in this group varied somewhat from the previous report.' Thirty-four percent were in the 5 to 9 mm range and 29 percent were 20 mm or more. This is in contrast with the results reported previously in the kindergarten and first grade group in which 61 percent were in the 5 to 9 mm group and only 11 percent in the 20 mm or more. Although all were eighth grade children and the majority were 13 years of age, a significant number (22 percent) were 14 and a fairly sizable number ( 4 percent) were 15 and over. Over 700 in the group were 11 or 12 years of age.
RESULTS

Second Study
In Table 2 and Figure 2 are shown the frequency of conversion to the tuberculin test, that is the frequency with which persons negative in the eighth grade were positive in the ninth grade. This is shown for the last four years of the study. The rates averaged 2 percent among white children and 3.1 percent among Negro children. considerable fluctuation, however, the whites varying from 1.2 percent to 3.4 percent and the Negro from 2.0 percent to 4.7 percent. As noted in the previous study the conversion rates seemed to be excessive in comparison with the prevalence rates for the same age group. In other words, only 3.6 percent of the white children tested in the eighth grade were positive and yet 2 percent converted to the tuberculin test during the next year. Seven and one-half percent of the Negroes were positive during the eighth grade yet 3.1 percent converted during the next year. This is the same phenomenon which was observed in the previous study3 and was commented on early in this paper. Table 3 shows the results of the skin tests performed in the eighth grade among children who had been tested and found negative in the previous program seven or eight years before. Those who were negative in both kindergarten and 6rst grade had been last tested seven years before. The results shown in the table indicate that among these socalled long-term converters, the seven year rate was 2 percent among the whites and 3.5 percent among the Negroes and the eight year rate was 1.6 percent among the whites and 6.7 percent among the Negroes. Why there should be such a marked discrepancy particularly in the Negro rates in the two years is unknown. A more striking finding is that both the seven and eight year conversion rates among the whites are very similar to the one year rate but the eight year rate in the Negroes is approximately double the seven year rate.
Follow-up studies as outlined in the first paper1 were carried out on a current school year basis. Tuberculosis among contacts developing subsequent to this current year were not counted unless the discovery of the disease resulted from the follow-up study of another index child in a later year. contacts were followed-up. Table 4 shows comparison of the results of the follow-up of contacts of converters versus the contacts of those who were positive on the first test and the contacts of the long-term converters. Thirteen hundred seven contacts of 243 converters were followed with a yield of five new active cases of tuberculosis or 0.4 percent. Thirty-eight hundred sixty-three contacts of 954 children positive on the first test were followed with a yield of 16 or 0.4 percent of new active tuberculosis. The yield of known tuberculosis among the two groups is markedly different being 0.8 percent among the converters and 5.0 percent among those positive on the first test. It is interesting that among 1,313 contacts of 280 long-term converters with seven or eight years observation the yield was approximately the same as among the converters or those positive on the first test, namely 0.5 percent of new active tuberculosis. The yield of the known tuberculosis was intermediate among the two previous groups with 3.4 percent. These results are substantially lower than the yield obtained in the earlier study of contacts of kindergarten and first grade children where three times as much new tuberculosis was found, namely 1.2 percent in contrast to 0.4 percent.
The yield of known tuberculosis was quite similar, 3.5 as against 3.9 percent. It is quite evident and not unexpected that the yield of new active tuberculosis would be greater among the contacts of young children than among eighth and ninth grade children.
The follow-up results were analyzed by race and the yield was a little higher among the whites than among the Negroes in new active cases but lower for known cases. Both these results are substantially less than observed in the earlier study.3 The comparison of household and nonhousehold contacts showed twice the yield (0.6 percent) among nonhousehold contacts as among household contacts. This is the opposite of that demonstrated in the previous study where the yield was substantially less among nonhousehold contacts. In both studies the yield of known tuberculosis was higher among nonhousehold contacts than among household conThird Study tacts.
The data were analyzed for the relationship between the tuberculosis found and the size of the reaction in the index child. It had been one of the marked findings in the earlier study3 that the amount of tuberculosis found in the contacts was closely related to the size of the tuberculin reaction in the index child. In this study as seen in Table 5 no such clear-cut relationship existed. Although the number of contacts which were followed was quite similar to that in the early study, the amount of tuberculosis found was only about one-third as much (0.4 percent versus 1.2 percent). The amount of known tuberculosis among the contacts was quite similar, 3.9 percent against 3.2 percent. In this study, however, there was no clear-cut relationship between size and frequency of active tuberculosis among the contacts, although the highest rates of both new and known tuberculosis are found in those with the largest reactions (20 mm and over). Table 6 presents the prevalence of tuberculin reactors among fourth and fifth grade white and Negro children tested during the years 1962-1963 and 1963-1964 . The upper part of the table shows the prevalence among fourth grade children and the lower part among fifth grade children tested only during the first year. It is interesting that the rates are similar for the two grades-1.8 for the white children and 3.2 for the Negro children in the fourth grade and 1.6 in the white children in the fifth grade and 3.1 in the Negro children. This prevalence seems quite low in comparison to the test performed during the previous five years in the eighth grade children in which the prevalence was 3.6 percent in the white and 7.5 percent in the Negro children, or with the tests performed during the previous ten years in the kindergarten children where the prevalence was shown to be 1.5 percent in the white children and 2.6 percent in the Negro children. Judging by the results in these two other . This is in contrast to 61 percent small reactors in the first study and 34 percent in the second study. Table 7 shows the number and percentage of converters to the tuberculin reaction found in the fifth grade among children who were negative in the fourth grade. It is seen that 2.7 percent of the white children converted and 3.8 percent of the Negro children. It is quite astounding to see that the conversion rates in this age group are considerably higher than the prevalence rates. This is quite different from that found in either of the two previous studies and perhaps represents some sort of balancing for the low prevalence rates which had been observed during the first testing. Table 8 presents the results of follow-up studies of the contacts among 111 children who converted during the two years of testing in contrast to 310 persons who were positive on the first test. It is seen that the rates among the contacts of the converters are slightly lower than among the contacts of those positive on the first test in terms of new active tuberculosis. This is true to a greater degree with the known tuberculosis recognized during the study.
'See previous footnote
Follow-up Studies
Comparison of the follow-up of contacts of the white and Negro children showed that new active tuberculosis was somewhat greater among the contacts of the Negroes than among the contacts of the white children. However, the rates are comparable to the second study but much lower than in the first study. Similarly, the nonhousehold contacts yielded twice as much new tuberculosis as the household contacts. This is in contrast to the earlier studies.
In these follow-up studies 76 percent of the white and 71 percent of the Negro contacts of the reactors were followed. Table 9 shows the results of the discovery of new active tuberculosis in the contacts related to the size of the tuberculin reaction in the children. For this puqose both white and Negro and fourth and fifth grade children are combined. It is seen that the rates of new active tuberculosis found are comparable to that found in the second study group, 0.4 percent, or four new active cases per thousand contacts examined. The yield of known tuberculosis was somewhat lower than in the earlier studies.
In Table 10 are shown the results of the testing among children in the 1963-1964 school year in Kansas City by grade and race to both PPD-B (Battey ) and PPD-Y (Kansasii). It is seen that, although the reaction rate to PPD-Y was only onefourth that to PPD-B, reactions to both atypical antigens were about twice as prevalent among the Negroes as among the whites.
The comparison of the size of the reactions to PPD-S in terms of size variations to PPD-B when the reactions in fourth and fifth grades are combined showed that among 4,679 white and Negro children (71 percent) were negative to both tests, and 16 percent had reactions of 5 mm or more to Battey and negative reactions to PPD-S. Among 57 children who had 5 to 9 mm to PPD-S, only 5 percent were completely negative to PPD-B; and among those who had 10 mm and over to PPD-S, only 7 percent were completely negative to PPD-B.
In other words, the larger the reaction to PPD-S the greater the percentage showing reaction to PPD-B. If one considers only those 49 people who had 10 mm or more reaction to both PPD-S and PPD-B, one finds that in general the PPD-S reactions were larger and could be separated fairly well from the PPD-B reactors.
Comparison of the size of the reactions between PPD-S and PPD-Y among 3,728 white and Negro children in Kansas City showed that among those who are negative to PPD-S 95 percent showed no reaction to PPD-Y, and only 1.8 percent reacted to PPD-Y with a reaction of 5 mm or more. On the other hand, among 59 children who reacted to PPD-S with a reaction of 10 mm or more, 44 or 75 percent had a positive reaction also to PPD-Y, of which 61 percent were 10 mm or more. In other words, there was an extensive degree of crossreactions with these two antigens, although crossreactions are not as frequent with Kansasii as with Battey.
In Table 11 another way of presenting the data is shown for both whites and Negroes and Battey and Kansasii showing the atypical reaction compared to the PPD-S in terms of size of crossreactions in percentages. This is divided by the atypical reactions being larger or smaller or equal to the reaction to PPD-S. It is interesting when one looks at the percentages that sizable numbers of reactions occur with the Battey antigen in both whites and Negroes. Among these Battey reactors 67.5 percent are equal to PPD-S in the whites and 61 percent in the Negroes.
As mentioned earlier one of the purposes of these 
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studies was to compare the finding of active tuberculosis by means of tuberculin testing in the eighth and ninth grades and the fourth and fifth grades with that found kl the previous study.3 Table 4 and Table 8 show the total amount of new tuberculosis found among the contacts of the eighth and ninth or the fourth and fifth grade children to be onethird that found among the contacts in the younger children (kindergarten and first grade) in the previous ten-year study. It is interesting that the percentage of known tuberculosis found among the contacts of the eighth and ninth grade children is about the same as that among the kindergarten and first grade children. first test (Table 4 ). The lesser yield of tuberculosis in the contacts of the older children is not unexpected since the opportunities for contact have existed over a more prolonged period in comparison to the maximum of five or six years of contact which were present among the kindergarten and first grade children. Another point of interest is that the average number of contacts ( household and nonhousehold ) followed in all three groups is similar. Thus the average number of contacts followed in the kindergarten studies was 4.4 in the white and 4.1 in the Negro reactors. In the eighth and ninth grade studies, the average number was exactly the same and in the fourth and fifth grade studies a little higher; an average of 5.0 among the white and 5.4 among the Negro children.
Another point of contrast is that the yield of new active tuberculosis was higher in the household contacts of the younger children than in the nonhousehold contacts. The opposite was true of the two older groups, both of whom showed twice as much new tuberculosis in the nonhousehold contacts than in the household contacts.
It is striking that the percentage of tuberculin reactors observed among eighth grade children during the five year period did not decline to any appreciable extent either among white or Negro children. This is a confirmation of the observation made among the kindergarten and first grade children for which no adequate explanation has been forthcoming. A similar more or less steady conversion rate was also recorded during the four years of observations. Both of these figures suggest that if the rate of infection with tuberculosis is decreasing, it is not evident at least in the period of these studies. On the other hand the prevalence rate observed in both white and Negro children in the nine-and ten-year age groups is below the theoretical rates as will be discussed later.
Comparison of the size of reaction observed among those children who were positive in these studies compared to the previous study showed considerable differences. Only 34 percent were small reactors in the 5 to 9 range in the eighth and ninth grade children and 44 percent in the fourth and fifth grade children in contrast to 61 percent in the previous study. There was also a proportional increase in the number of large reactors from 11 percent to 29 percent and 22 percent.
The prevalence of positive tuberculin reactors among Negroes as compared to whites was about as expected, being about twice as high in the Negroes.
Comparison with the various groups who might be followed in regard to yield of tuberculosis reveals no great difference between the follow up of contacts of children who converted after one year's observation than those who were positive on the first test or those whose tests converted over a sevenor eight-year period. Similarly there was no great difference between the contacts of white and Negro children in the yield of active tuberculosis. Both of these are consistent with that seen in the previous study.
One of the most interesting observations resulting from these studies over a period of 17 years has been the rates of prevalence and conversion among the children of different age groups and some calculations of theoretical rates of annual conversion which might apply among the children in Kansas City, Missouri. In Figure 3 is shown the observed prevalence of tuberculin reactions among white and Negro children compared to theoretical infection rates which were calculated on the rates of infection observed during the first ten-year testing period at the age of five. These theoretical infection rates have never been published but are calculated simply on the prevalence observed in the five-yearold children. Thus, an observation of infection at the rate of 1.5 percent among the five-year-old white children could result from a theoretical annual infection rate of 0.3 percent per year.* Similarly an observed prevalence rate of 2.6 percent among the five-year-old Negro children could result from a theoretical annual infection rate of 0.5 percent per year. These theoretical annual infection rates at the different age periods are then illustrated as the solid lines in Figure 3 and the actual observations are indicated by the points. It is seen that in the first and second studies involving children in the 5th and 13th years the prevalence rate closely approximates the theoretical annual infection rate. However, the prevalence observed in the later studies in the ninth and tenth years falls decidedly below the theoretical infection rate. Somewhat similar figures are true for both whites and Negroes. They do indicate, however, that the calculation of a theoretical annual infection rate from observations made during the fifth year serve as a reasonable approximation for the actual observation of the prevalence which were made.
The same does not appear to be true for theoretical conversion rates calculated from observations made in all age groups in 1945.' From these observations a theoretical annual infection rate of 0.58 percent per year was calculated for the white children. From the same observations (of over 20,000 persons) a theoretical annual infection rate of 1.8 percent per year was calculated from the Negro children (unpublished data). Thus, the actual rates observed were much less than the rates calculated from observations of all age groups and must reflect the falling rate of infection with tuberculosis. The theoretical infection rate of 0.3 percent per year for the white and 0.5 percent for the Negro children seems to represent fairly well what is presently happening in regard to tuberculous infection in Kansas City.
Even more interesting observations arose when considering the annual conversion rates. Table 12 shows the observed yearly conversion rates among the white and Negro children who were tested at different age groups. Bear in mind that the white annual theoretical infection rate was 0.3 percent as mentioned in the above paragraph, and the Negro annual theoretical infection rate was 0.5 percent. It is seen that during the fifth and sixth year, the observed conversion rate was one percent; between ten and eleven it was 2.7 percent; and between 13 and 14 it was 2 percent. The Negro rates also showed a similar excess of reactors, being 1.4 percent at the age of six, 3.8 percent at 11, and *It is interesting to note that recently Hanzel4 has estimated a national annual conversion rate of 0.2 percent per year in the ages of 6 to 18. 3.1 percent at the age of 14. Thus, in both the white and Negro children, the observed conversion rates were three to six times the theoretical. These rates have been observed following a single year of observation of negative reactors. As seen in the lower sections of both tables, however, both whites and Negroes had long-term conversion rates observed-that is, children who had been negative at the age of five or six who were subsequently tested seven or eight years later at the age of 13. It is seen that the observed annual conversion rates in both the seven and eight year calculations are not very different from the theoretical rates. These are, among the whites 0.29 percent per year for the seven year conversions and 0.2 percent per year for the eight year converters in contrast to an expected annual conversion rate of 0.3 percent. Among the Negroes the rates were 0.5 percent among the seven year converters and 0.84 percent among the eight year converters based on a theoretical annual infection rate of 0.5 percent. It is thus seen that the discrepancy which occurs and which had been noted in our previous publication"^ that when one retests negatives at yearly intervals, the rates observed are three to six times higher than the expected. If, on the other hand, one retests at longer intervals such as seven or eight years, the observed rates approximate very closely the theoretical rates. These observations appear to be true for both whites and Negroes.
This possible stimulation of tuberculin sensitivity by a previous test-an amnestic phenomenon 'perhaps-has been commented upon before in the literature by Magnus and Edwards5 and in an unpublished speech by Ferebee and Mount.6 We are convinced that this is a valid phenomenon based upon a three-year study (1946-1949 unpublished) of 3,500 grade and high school children in Kansas City who were tested with tuberculin and histoplasmin at 6 and 12 month intervals. By design the intervals were varied so that observation of retests at these intervals could be made with both tests. The results are seen in Table 13 . It is seen in this table that the frequency of conversion and reversion of both the tuberculin and histoplasmin skin tests was related to the frequency of retesting. Thus, at six months the tuberculin conversion rate was 6 percent and the reversion almost 35 percent whereas at the three year retest, the conversion rate was 0.8 percent and the reversion 7.6 percent. Similar observations are true for the histoplasmin skin test and certainly suggest some biologic phenomen of widespread application rather than something restricted to the tuberculin test. It does There was a surprisingly high prevalence of Battey reactors a n d also a surprising difference in the prevalence in the two races, the rates being about twice as high in Negroes as in whites. About 16 percent of the white children aged ten or eleven reacted to the Battey antigen a n d 27 percent of the Negro children. The reactions among the children to the PPD-Y or Kansasii were much lower than had been expected even though this organism was first described as a pathogen in Kansas City.8 The prevalence rate among this age group children was only 3 percent among the whites and about twice as much among the Negroes. It is thus seen that the prevalence rate was about five times as much to the Battey than to the Kansasii in these Kansas City children, both whites a n d Negroes. 
Dawn of Modern Physiology
In the first half of the nineteenth century, physiology finally freed itself from metaphysic speculation. The giant of this fecund era was undoubtedly Claude Bernard ( 1813-1878) whose research and concept laid the foundation of modem physiology. His early research was done in a damp cellar laboratory, with equipment put together by himself; his experiments on live dogs were viewed with the deepest suspicion by the police. He discovered the glycogenic function of the liver, for which he coined the term "internal secretion"; he also showed that the puncture of the fourth ventricle of the brain caused temmrarv diabetes. He demonstrated the various -.
functions of the pancreatic juice, made important studies on smooth muscle, the vasomotor mechanism, carbohydrate metabolism and the action of curare and other poisons. His greatest contribution to physiology was the concept of the constancy of vital phenomena independently of external factors, what he called milieu intkrieur, a concept that was to establish the basic biologic principle of homeostasis. He was also the founder of experimental medicine. His famous dictum: "L'art c'est moi, la science c'est nous" fathered the concept of teamwork in scientific research.
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